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COOLING OF LIQUID FUEL COMPONENTS 
TO ELIMINATE COKING 

BACKGROUND OF THE INVENTION 

The present invention relates to a system for cooling 
liquid fuel components subject to conduction and radiation 
heating, and in particular, to a system for directing pressur 
iZed ambient temperature air to an annulus located betWeen 
a component and a sleeve installed around the component or 
cool liquid to a tube in physical contact With the component. 

Gas turbines typically operate on natural gas fuel, With 
fuel oil (typically No. 2 distillate) often used as a contin 
gency for periods of gas unavailability. When a gas turbine 
is operating on natural gas fuel, the fuel oil typically remains 
in liquid fuel lines (e.g., piping/tubing) leading to the 
combustor noZZles of the gas turbine. The stagnant fuel oil 
in the liquid fuel lines is often exposed to the turbine 
compartment air temperatures of up to 250° F, and turbine 
surfaces of up to 800° F. 

Typically, a gas turbine has a number of combustors 
positioned around the turbine, each combustor having a gas 
fuel noZZle and a liquid fuel noZZle. When the turbine is 
running on one type of fuel, the noZZle for the other type of 
fuel must be purged of the other type of fuel. Thus, for 
example, When a turbine is sWitched from running on fuel oil 
back to running on natural gas fuel, the fuel oil in the liquid 
fuel noZZle must be purged. Over time, this fuel noZZle 
“purge air” ?lls some portion of the liquid fuel piping 
leading up to the liquid fuel noZZle as the level of fuel oil in 
the piping recedes due to leakage past upstream shutoff 
valves, and by thermal expansion and contraction With no 
make-up supply of liquid fuel. This air-oil interface on the 
coated surfaces of the piping system and valves (e.g., check 
valves, ball valves, spool valves, etc.) in the presence of the 
radiated, conducted, and convected heat, leads to coke 
formation in the liquid fuel piping, resulting in How restric 
tion and inoperable valves. Eliminating any one of the three 
ingredients required for coke formation (i.e., fuel oil, heat 
and air) Will prevent coking. Since it is not practical to 
eliminate fuel oil or air in a turbine, it Would be bene?cial 
to eliminate the heating of the liquid fuel lines, thereby 
resulting in the prevention of coking in the liquid fuel line 
piping and valves. 

Prior attempts have been made to direct turbine compart 
ment cooling air How to areas subject to coking, but suf? 
cient temperature cooling could not be attained. Typically, a 
combustor in a turbine operates at a temperature Well over 
2000° F. The heat from the combustors radiates toWard 
components, such as the fuel oil piping and valves, sitting in 
the turbine enclosure. Even With attempts to ventilate the 
enclosure that included directing cooling air toWard com 
ponents subject to coking, air temperatures of 300° F. around 
such components Was still typical. LoWer temperatures 
could not be attained, even though 30,000 cubic feet per 
minute of air is typically moving through the enclosure of a 
turbine. 

BRIEF DESCRIPTION OF THE INVENTION 

In an exemplary embodiment of the invention, a system 
for cooling at least one gas turbine liquid fuel component 
located in a high temperature environment to eliminate 
coking in the at least one component comprises a sleeve 
surrounding the at least one liquid fuel component, a device 
for providing a current of cool air, and a conduit connected 
betWeen the cool air device and the sleeve to direct the 
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2 
current of cool air into the sleeve to cool the liquid fuel 
component. The system can further comprise a manifold 
connected to the conduit and a plurality of second conduits 
that connect the manifold to a plurality of sleeves surround 
ing a plurality of liquid fuel components, each sleeve being 
connected to a corresponding second conduit. The sleeve is 
comprised of tWo halves assembled together over the liquid 
fuel components and a plurality of spacing devices for 
centering the sleeve around the at least one liquid fuel 
component so as to form an annulus betWeen the sleeve and 
the at least one liquid fuel component. 

In another exemplary embodiment of the invention, a 
system for cooling gas turbine liquid fuel components 
located in a high temperature environment to eliminate 
coking in the components comprises a bloWer for providing 
a current of cool air, a ?rst tube connected to the bloWer, a 
manifold connected to the ?rst tube, a plurality of second 
tubes extending from the manifold, and a plurality of sleeves 
jacketing the liquid fuel components that are connected to 
the plurality of second tubes extending from the manifold, 
each sleeve surrounding at least one liquid fuel component 
and being connected to a corresponding second conduit. 
Each sleeve is comprised of at least tWo halves assembled 
together over the liquid fuel component and a plurality of 
spacing devices for centering the sleeve around the liquid 
fuel component so as to form an annulus betWeen the sleeve 
and the liquid fuel component. 

In yet another exemplary embodiment of the invention, a 
system for cooling at least one gas turbine liquid fuel 
component located in a high temperature environment to 
eliminate coking in the component comprises a bloWer to 
draW in external ambient air, a supply header connected to 
the bloWer, a supply manifold connected to the supply 
header, at least one supply tube extending from the 
manifold, and at least one sleeve jacketing the liquid fuel 
components. The sleeve includes an annulus located 
betWeen the sleeve and the fuel oil components through 
Which cooling air ?oWs to reduce the temperature of the fuel 
oil components. 

In a further exemplary embodiment of the invention, a 
system for cooling at least one gas turbine liquid fuel 
component located in a high temperature environment to 
eliminate coking in the at least one component comprises an 
insulating jacket surrounding the at least one liquid fuel 
component, a supply of cool liquid, a pump connected to the 
supply of cool liquid for providing a current of said cool 
liquid, and a conduit connected to the pump and extending 
into the jacket Wherein the conduit is positioned adjacent to 
the liquid fuel component to direct the current of cool liquid 
to cool said component. The system can further comprise a 
?rst manifold connected to the conduit and at least one 
second conduit extending from the manifold and being 
adjacent to the liquid fuel component. The at least one 
second conduit can be a plurality of second conduits that are 
connected to the ?rst manifold and extending adjacent to a 
plurality of liquid fuel components. It is also possible to 
have a plurality of second conduits extend and be adjacent 
to a single liquid fuel component. The system can also 
further comprise a second manifold connected to the at least 
one second conduit, at least one third conduit, and a cooling 
liquid return connected to the at least one third conduit for 
transferring aWay a current of liquid absorbing heat from the 
at least one liquid fuel component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The advantages of the present invention, Will be more 
completely understood and appreciated by careful study of 
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the following more detailed description of the presently 
preferred exemplary embodiments of the invention taken in 
conjunction With the accompanying drawings, in Which: 

FIG. 1 is a schematic diagram illustrating the components 
of the air cooling system of the present invention for cooling 
of liquid fuel components to eliminate coking. 

FIG. 2A is perspective vieW of a ?rst embodiment of an 
air ?oW control sleeve used With the air cooling system of 
the present invention; 

FIG. 2B is a perspective vieW of a second embodiment of 
an air ?oW control sleeve used With the air cooling system 
of the present invention. 

FIG. 2C is a perspective vieW of the cooling air inlet and 
corresponding sealing disk used With the air ?oW control 
sleeves shoWn in FIGS. 2A and 2B. 

FIG. 3 is a schematic diagram illustrating the components 
of the liquid cooling system of the present invention for 
cooling of liquid fuel components to eliminate coking. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 illustrates an exemplary embodiment of a system, 
in accordance With the present invention, for eliminating 
coking by air cooling gas turbine liquid fuel components 
located in a high temperature environment. The cooling 
system 10 shoWn in FIG. 1 uses a high pressure motor driven 
bloWer 12 to draW in the required volume of cool ambient air 
at atmospheric conditions through a screened inlet air 
silencer 14 and to boost the pressure of such ambient air to 
overcome system resistance. The pressuriZed air ?oWs 
through a ?rst conduit or tube preferably in the form of a 
supply header 16. A backdraft damper 18 in supply header 
16 prevents back?oW When system 10 is not operating. A 
pressure sWitch 20 signals loss of air ?oW. 

Supply header 16 leads to a supply manifold 22 located 
Within the turbine’s enclosure 24. Extending from supply 
manifold 22 are a plurality of additional or second conduits 
preferably in the form of a plurality of individual supply 
tubes 26, one for each combustor 30 contained in the turbine 
(not shoWn). Each supply tube 26 feeds a sleeve 28 Which 
surrounds or “jackets” the liquid fuel component, such as 
liquid fuel tubing 32 and liquid fuel valve 35 for delivering 
fuel oil to combustor 30, Which are prone to coking due to 
heating. Thus, by Way of example, sleeve 28 jackets fuel oil 
tubing 32 feeding fuel oil to combustor 30. The cooling air 
fed to sleeve 28 from supply manifold 22 through supply 
tubing 26 is directed to an annulus 34 betWeen sleeve 28 and 
tubing 32. The cooling air then exits the open ends 36 of 
sleeve 28. 

FIG. 2a illustrates a ?rst embodiment of the air ?oW 
control sleeve 28 used in the air cooling system of the 
present invention. Sleeve 28 is preferably fabricated from 
rigid tubing, siZed to provide an annulus 34 that alloWs 
sufficient cooling air How to keep the fuel-oil components, 
such as fuel oil tubing 32, beloW the temperature at Which 
coke Will form. Additionally, sleeve 28 is siZed to perform 
as a radiation shield against heat. Sleeve 28 is preferably 
made from tWo halves 40a and 40b, With an axial split line 
that alloWs sleeve 28 to be assembled over the fuel-oil 
components, such as fuel oil tubing 32. In the embodiment 
shoWn in FIG. 2a, sleeve 28 halves 40a and 40b are held 
together by a plurality of clamping tabs 44a and 44b that are 
held together by a fastener or screW 46 threaded through 
holes in tabs 44a and 44b. For each sleeve 28, there is a 
plurality of tab pairs 44a/44b positioned around the sleeve to 
hold sleeve halves 40a and 40b together at various points. 
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4 
Sleeve 28 is prevented from physically touching fuel oil 

tubing 32 by a plurality of springs 48 that are mounted to 
sleeve 28 and positioned betWeen sleeve 28 and tubing 32. 
This alloWs the siZing of annulus 34 to be maintained. A 
cooling air inlet 42 is fabricated With a disk 45 that is Welded 
or otherWise suitably attached to sleeve 28 half 40a or 40b 
to direct air into annulus 34. As can be seen in FIG. 2c, air 
inlet 42 extends through the center of disk 45. The sleeve 
extension 47 to Which air inlet 42 is Welded through disk 45 
acts as a plenum to increase the How area into the sleeve 28 
proper, otherWise limited by annulus 34. For this purpose, 
each air inlet connection 42 is connected to a corresponding 
one of the multiple supply tubes 26 running from supply 
manifold 22. 

FIG. 2b illustrates an alternative embodiment of the air 
?oW control sleeve 28 used in the present invention. Here 
again, sleeve 28 is fabricated from rigid tubing made from 
tWo halves 42a and 42b siZed in a manner identical to that 
used With respect to sleeve 28 shoWn in FIG. 2a. Thus, here 
again, sleeve 28 has an axial split line formed by the joining 
of sleeve halves 42a and 42b. Sleeve 28 halves 42a and 42b 
in this embodiment are mechanically clamped together using 
a clamp 52 that is fabricated from tWo halves 54a and 54b 
that are joined together by fasteners or screWs 53 When 
assembled over sleeve 28. In the embodiment of sleeve 28 
shoWn in FIG. 2b, annulus 34 is controlled using set screWs 
50 to adjust the spacing betWeen sleeve halves 40a and 40b 
and fuel oil tubing 32. As a particular set screW is rotated 
into sleeve 28, it engages fuel oil tubing 32, thereby causing 
sleeve 28 to be pushed aWay from tubing 32. Conversely, as 
a set screW 50 is rotated out of sleeve 28, it disengages 
tubing 32, thereby alloWing air floW control sleeve 28 to 
move closer to tubing 32. In the embodiment of the air ?oW 
control sleeve 28 shoWn in FIG. 2b, there is again a cooling 
air inlet connection 42 that is fed into sleeve 28 via disk 45 
Which is again Welded to sleeve half 40a or 40b, as shoWn 
in FIG. 2c. 

Preferably, sleeve 28 is fabricated from stainless steel 
tubing, although it should be noted that sleeve 28 can be 
made from any rigid material that can handle the 400° F. 
temperature typically found in enclosure 24 of a turbine. 
Alternative materials for fabricating sleeve 28 Would 
include, by Way of example, carbon steel (Which Would 
likely require cleaning and painting) and aluminum tubing, 
or molded sheet metal instead of tubing. 
The diameter of sleeve 28 is determined by the siZe of the 

fuel oil components to be cooled, the siZe of the annulus 34 
required for an effective heat transfer coefficient and a 
cross-sectional area for annulus 34 consistent With a speci 
?ed reasonable pressure loss at the desired air ?oW, all 
optimiZed in an iterative process. The maximum dimension 
of sleeve 28 is further limited by the available space in the 
congested area of turbine enclosure 24 just upstream of 
combustor 30. 
The air ?oW through annulus 34 is based on the air heat 

transfer properties and the maximum expected supply tem 
perature. 

The siZing of system piping, such as supply header 16, 
supply manifold 22 and supply tubing 26 to sleeve 28, as 
With sleeve 28, is based on pressure loss considerations for 
bloWer 12 and its associated motor siZing. 

Preferred siZing for a typical air cooling system according 
to the present invention is a 2“ diameter sleeve 28, 1“ supply 
tubing 26, a 4“ manifold 22, a 6“ header 16, and a 5 
horsepoWer bloWer motor 12. Except for sleeve 28, all 
system components can be purchased “off the shelf”, With 
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blower 12 sized in a typical system for a minimum of 38 
CFM (“cubic feet per minute”) per sleeve 28 at a pressure of 
40“ of Water (gauge). 

It should be noted that the cooling system of the present 
invention could be fabricated using liquid cooling rather 
than air cooling. One type of liquid that Would be readily 
available is Water Which is used for cooling other compo 
nents in a gas turbine system. In that case, the sleeving 
around the fuel oil components to be cooled is an insulation 
jacket With stainless steel tubing leading up to and being 
adjacent to the fuel oil components to be cooled. In this 
embodiment, an outlet manifold is provided for Water return 
back to the source. A Water pump, siZed for the thermally 
calculated gallons per minute and the How calculated pres 
sure loss, provides a current of cool liquid to the tubing 
adjacent to the fuel oil components. 

FIG. 3 illustrates an alternative embodiment of the present 
invention Which uses liquid cooling to eliminate coking in 
gas turbine liquid fuel components located in a high tem 
perature environment. The cooling system 60 shoWn in FIG. 
3 uses a pump 62 to draW in the required volume of cool 
liquid from a cooling Water supply 64 through an isolation 
valve 66 and to boost the pressure of such liquid to over 
come system resistance. The pressuriZed liquid ?oWs 
through a conduit preferably in the form of a supply header 
68. Isolation valves 66 and 82 facilitate system maintenance. 
A pressure sWitch 70 signals loss of liquid ?oW. 

Supply header 68 leads to a supply manifold 72 located 
Within the turbine’s enclosure 24. Extending from supply 
manifold 72 are a plurality of additional conduits preferably 
in the form of a plurality of individual supply tubes 74, one 
for each combustor 30 contained in the turbine. Each supply 
tube 74 is routed to a corresponding liquid fuel oil tube 32 
feeding a combustor 30 so as to be in physical contact With 
tube 32. By being in physical contact With tube 32, supply 
tube 74 absorbs heat from the turbine that may have 
encroached into tube 32. A thermal insulation jacket 76 
surrounds supply tube 32 and supply tube 74 that is adjacent 
to tube 32. It is also possible to have a plurality of supply 
tubes 74 extend and be adjacent to a single liquid fuel oil 
tube 32. Preferably, insulating jacket 76 is formed from a 
material consisting of ?berglass batts contained in a silicone/ 
?berglass cloth Wrap. 

Thus, as seen in FIG. 3, jacket 76 surrounds and insulates 
fuel oil system tubing 32 feeding fuel oil to combustor 30 
and liquid supply tube 74A. The cooling liquid fed to supply 
tube 74A from supply manifold 72 through supply tubing 74 
is thereafter directed to a return manifold 78 Which is fed by 
return tubing 80. The cooling liquid then exits return mani 
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fold 78 through return header 84 and isolation valve 82, 
Whereupon it is fed to cooling Water return 86 for recycling 
back to cooling Water supply 64 after it has been appropri 
ately cooled. 
While the invention has been described in connection 

With What is presently considered to be the most practical 
and preferred embodiment, it is to be understood that the 
invention is not to be limited to the disclosed embodiment, 
but on the contrary, it is intended to cover various modi? 
cations and equivalent arrangements included Within the 
spirit and scope of the appended claims. 
What is claimed is: 
1. Asystem for cooling at least one gas turbine liquid fuel 

component located in a high temperature liquid environment 
to eliminate coking in the at least one liquid fuel component 
comprising: 

an insulating jacket surrounding the at least one liquid 
fuel component, 

a supply of cool liquid, 
a pump connected to the supply of cool liquid for pro 

viding a current of said cool liquid, 
a conduit connected to the pump and extending into the 

jacket Wherein the conduit is positioned adjacent to the 
at least one liquid fuel component to direct the current 
of cool liquid to cool said at least one liquid fuel 
component 

a ?rst manifold connected to the conduit and at least one 
second conduit extending from the manifold and being 
adjacent to the at least one liquid fuel component. 

2. The system according to claim 1, Wherein a plurality of 
second conduits are connected to the ?rst manifold and 
extending adjacent to a plurality of liquid fuel components. 

3. The system according to claim 2 further comprising a 
plurality of third conduits connected to the plurality of 
second conduits, a second manifold connected to the third 
conduits, at least one fourth conduit extending from the 
second manifold, and a cooling liquid return connected to 
the at least one fourth conduit for transferring aWay a current 
of liquid absorbing heat from the at least one liquid fuel 
component. 

4. The system according to claim 1, Wherein the cool 
liquid is Water. 

5. The system according to claim 1, Wherein the insulating 
jacket is formed from ?berglass. 

6. The system according to claim 1, Wherein a plurality of 
second conduits connected to the ?rst manifold and extend 
ing adjacent to a single liquid fuel component. 

* * * * * 


